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Abstract
We give a review about the Minimal Supersymmetric Standard
Model with three right-handed neutrinos (MSSM3RHN). We, first in-
troduce the minimal set of fields to built this model in their superfields
formalism. After it, we build the lagrangian of the model in the super-
space formalism and also introduce the soft terms to break SUSY. We
show how to get masses to the neutrinos and sneutrinos in this model.
We also present in short way some others interestings Supersymmetric
model as SUSYB-L, SUSYLR and two SUSYGUTS models, all this
model have three right handed neutrinos.
PACS number(s): 12.60. Jv.
Keywords: Supersymmetric models.
1 Introduction
Although the Standard Model (SM) describes the observed properties of
charged leptons and quarks it is not the ultimate theory. However, the ne-
cessity to go beyond it, from the experimental point of view, comes at the
moment only from neutrino data [1].
Today we have accumulated a variety of experimntal neutrino data, in-
volving solar1 (Homestake2 [3], Kamioka Nucleon Decay Experiment (Kamiokande)
1The fluxes of neutrinos produced at the Sun, Φ(SSM) = 6 × 1010 νe cm−2s−1, was
made at [2].
2This experiment was realized by Davis and his collaborators, in 1967, and it measured
the electron neutrino flux produced from the Sun using a chlorine detector (νe +
37Cl →
e− + 37Ar) in the Homestake mine (South Dakota)
[4, 5], Super-Kamiokande [6], Gallex [7],Gallium Neutrino Observatory (GNO)
[8], Soviet American Gallium Experiment (SAGE) collaborations [9]), atmo-
spheric (Irvine-Michigan-Brookhaven (IMB) [10], Kamioka Nucleon Decay
Experiment (Kamiokande) [11]), reactor (KamLAND [12], Borexino [13])
and accelerator (K2K [14],Minos [15]) experiments.
We know that the experiments Homestake mine (South Dakota, in USA),
Kamiokande (Kamioka Nucleon Decay Experiment, in Japan), Super-Kamiokande
experiment provided the following main result:
• νe disappearance;
and it is know as “solar neutrino puzzle” because those neutrinos were pro-
duced within the Sun. The neutrinos are emitted, basically, in the following
“net” chain
4p+ 2e− → He4 + 2νe + γ. (1)
and the fluxe of neutrinos produced at the Sun is [2]
Φ(νe) = 6× 1010 cm−2s−1. (2)
The solar neutrinos are detected by the following reaction
νx + e→ νx + e, (3)
where all the neutrinos contribute to this reaction. The result presented by
Kamiokande is [5]
Φ(νe) = (2.80± 0.019(sta)± 0.33(sys))× 1010 cm−2s−1, (4)
while the results of Super-Kamiokande is
Φ(νe) = (2.35± 0.02(sta)± 0.08(sys))× 1010 cm−2s−1. (5)
Conclusion, the νe flux is depressed in relation with the fluxes of neutrinos
produced at the Sun, it is about three times lower.
Another interesting data, is that the experiment Subdury Neutrino Ob-
servatory (SNO) [16] has measured the total amount of neutrinos (νe, νµ, ντ )
from the Sun agrees with the calculations of electron neutrinos production
in the Sun, it means that, the flux of (νµ, ντ ) from the Sun is non-Zero and
their results is
Φ (νx)
Φ(SSM)
= 1± 0.1, (6)
and we can interpretate it as the amount of neutrinos detected at SNO from
the Sun is as expected, but the composition is not. Today it is the strongest
experimental evidence for
• neutrinos oscillation,
• existence of neutrinos masses.
While the IMB (Irvine-Michigan-Brookhaven) collaboration and again
the Kamiokande experiment reported a significant deficit in the muon neu-
trino flux caming from the reaction π− → νµ µ− → νµνµνe e− 3, and it is
know as atmospheric neutrino problem. The experimental results in this
case can be summarized as
• The νe behave according to Montecarlo simulations;
• There are a clear deficit in νµ.
The theory beyond oscillations can be summarize as: the neutrino state
created in the decay
W+ → l+α + να, (7)
and it is described by the following lagrangian
LW = − g√
2
∑
α=e,µ,τ
(
l′Lαγ
mν ′LαW
−
m + hc
)
. (8)
In order to explain those series of data we taken into account that neu-
trinos flavor states
l′L,R = (e
′, µ′, τ ′)TL,R ,
ν ′L = (νe, νµ, ντ )
T
L,R , (9)
and the massa eigenstates
lL,R = (e, µ, τ)
T
L,R ,
νL = (ν1, ν2, ν3)
T
L,R , (10)
3We know when particles coming from the space4 collide with nuclei in the upper
atmosphere produce many pions.
the mass matrices of charged lepton sector M l are diagonalized by a bi-
unitary transformation such as
Mˆ l = V l†L M
lV lR, (11)
and
Mˆ l = diag (me, mµ, mτ ) , (12)
while the states (ν1, ν2, ν3) have definite masses given by m1, m2, m3, respec-
tively. We define the lepton mixing matrix as
UPMNS = V
l†
L V
ν
L . (13)
The unitary matrix, UPMNS, is known as the Pontecorvo-Maki-Nakagawa-
Sakata (PMNS). Then, Eq.(8), become
LW = − g√
2
∑
α=e,µ,τ
∑
i=1,2,3
(
lLαγ
mUαiνLiW
−
m + hc
)
. (14)
Their experimental values are given by [17]
|VPMNS| ≈

 0.795− 0.846 0.513− 0.585 0.126− 0.1780.4205− 0.543 0.416− 0.730 0.579− 0.808
0.215− 0.548 0.409− 0.725 0.567− 0.800

 , (15)
he Majorana phases have not been included above because they do not lead
to observable effects in oscillations experiments.
The neutrino source, for example the Sun or some nuclear reaction, pro-
duce the neutrino να and its propageted until the detector, or target, but it
arrive on it as in another flavor, as drawn at Fig.(1), νβ .
The amplitude for a neutrino of flavor να of energy E changing to another
neutrino flavor νβ after propagating (in vacuum) a distance L is given by
〈νβ|να〉 ≃
∑
i
U∗αi e
−ım2
i
L/2E Uβi . (16)
We can calculate the corresponding probability of transition as:
Pr(να → νβ) = δαβ − 4
∑
i>j
Re
(
U∗αiUβiUαjU
∗
βj
)
sin2
[
∆m2ij L
4E
]
+ 2
∑
i>j
Im
(
U∗αiUβiUαjU
∗
βj
)
sin
[
∆m2ij L
2E
]
, (17)
Figure 1: Neutrino flavor change (oscillation) in vacuum this figure was taken
from [18, 19].
where we have defined
∆m2ij ≡ m2i −m2j . (18)
The conclusion is clear, when all neutrino masses mi’s are zero (or nonzero
but degenerate), the neutrino oscillation is not possible and at least two of
them must be massive.
In similar way the transition να → νβ is given by
Pr(να → νβ) = δαβ − 4
∑
i>j
Re
(
U∗αiUβiUαjU
∗
βj
)
sin2
[
∆m2ij L
4E
]
− 2 ∑
i>j
Im
(
U∗αiUβiUαjU
∗
βj
)
sin
[
∆m2ij L
2E
]
, (19)
and as conclusion if the matrix U is not real, the probabilities for να → νβ
and for the corresponding antineutrino oscillation, να → νβ , will in general
differ.
As we discuss above, we must have two masses scales, and there are the
following free parameters:
• three mixing angles (θ12, θ23 and θ13);
• the CP violating Dirac5 phase (δ);
• two Majorana6 phases (α1 and α2);
• two squared-mass differences (e.g. ∆m221 ≡ m22 − m21 and ∆m231 ≡
m23 −m21).
The unitary matrix, UPMNS, is often parametrized as
UPMNS =


c12 s12 0
−s12 c12 0
0 0 1




c13 0 s13e
−ıδ
0 1 0
−s13eıδ 0 c13




1 0 0
0 c23 s23
0 −s23 c23


×


eı(α1/2) 0 0
0 eı(α2/2) 0
0 0 1

 ,
(20)
5We meant Dirac particle [22].
6We meant Majorana particle [23].
where as usual, we have defined
smn ≡ sin θmn,
cmn ≡ cos θmn. (21)
The experimental results that suggest that the neutrinos have non-zero
masses and oscillations. The best-fit values at 1σ error level for these neu-
trino oscillation parameters in the three-flavor framework are summarised as
follows [25]
sin2 θ12 = sin
2 θsolar = 0.304
+0.022
−0.016 ,∆m
2
21 = ∆m
2
solar = 7.65
+0.23
−0.20 × 10−5 eV 2 Fig.(2) ,
sin2 θ23 = sin
2 θatm = 0.50
+0.07
−0.06 , |∆m223| = ∆|m2atm| = 2.40+0.12−0.11 × 10−3 eV 2 Fig.(3) ,
sin2 θ13 = sin
2 θCHOOZ = 0.01
+0.016
−0.011 .
(22)
From these data we can conclude
• The mixing θ23 is consistent with maximal mixing;
• The mixing θ12 is large but not maxima;
• The CHOOZ [26] (in France) results indicate a tiny value for the mixing
angle θ13.
We can consider two scenarios7:
• “bi-large” mixing, where the mixing parameters are θ23 = π/4 and
θ13 = 0
UBL =


cos θ12 sin θ12 0
− sin θ12√
2
cos θ12√
2
1√
2
− sin θ12√
2
cos θ12√
2
− 1√
2

 (23)
• “tribimaximal” mixing, where the mixing parameters are θ12 is very
well approximated by the relation: sin2 θ12 = 1/3 and te Eq.(23) can
be written as
UTB =


√
2
3
1√
3
0
− 1√
6
1√
3
1√
2
− 1√
6
1√
3
− 1√
2

 (24)
7Here we have omitted the Majorana phases because they do not lead to observable
effects in oscillations.
In the case of atmospheric neutrinos, the sign of the mass split determines
the type of mass hierarchy:
• normal, ∆m232 > 0 wchich gives
m1 < m2 < m3, (25)
with
m2 =
√
m21 +∆m
2
solar, m3 =
√
m21 +∆m
2
atm , (26)
• inverted, ∆m232 < 0
wchich gives
m3 < m1 < m2, (27)
m1 =
√
m23 +∆m
2
atm −∆m2solar, m2 =
√
m21 +∆m
2
solar, (28)
and both situation are draw at Fig.(4). To explain the data presented above,
we need three massive neutrinos. In order to see how to fit these data with
three massive neutrinos see [24, 25].
The physical effects involved in the interpretation of neutrinos oscillation
data are [24]
• vacuum oscillations;
• the Mikheyev-Smirnov-Wolfenstein (MSW) (conversion of solar neutri-
nos in the matter of the Sun);
• oscillations in matter (oscillations of solar and atmospheric neutrinos
in the matter of Earth).
The Los Alomos Liquid Scintillation Detector experiment (LSND) mea-
sured accelerator neutrinos produced in the usual muons´ decays
µ+ → e+νeν¯µ. (29)
They have reported a signal that, if interpreted as neutrino oscillations, im-
plies [27]
∆m2 ∼ O(1 eV2), (30)
and the mixing parameter is constrained by
0.003 ≤ sin2 (2θLSND) ≤ 0.03. (31)
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Figure 2: Determination of the leading “solar” oscillation parameters, taken
from [25].
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Figure 4: Neutrino mass and flavor spectra for the normal (left) and inverted
(right) mass hierarchies, figure taken from [24].
It is important to remeber that this results has not been confirmed by any
other experiment. Due this fact, usually their results are ignored because an
oscillation explanation has been ruled out by MiniBooNE [28]. If we take
into account their result, we need to introduce at least one right-handed
neutrinos8.
About the neutrino physics, one of the major problem is to clarify the
Dirac or Majorana character of neutrino masses. If neutrinos are Dirac par-
ticles then lepton number remains as a conserved quantity. By another hand
if neutrinos are Majorana particles [30] lepton number would be violated in
two units. In this case double beta decays and some rare meson decay of the
form M+ → M ′−l+l+ can occur. This kind of decay is sensitive to neutrino
masses and lepton mixing as discussed at [31].
One possible way to probe the neutrino mass scale is to measures the
neutrinoless double β-decay. This process occur via the following nuclear
reaction
A
Z [Nucl]→ AZ+2 [Nucl′] + 2e−, (32)
this equation is translated as a nucleus containing Z protons decays to a
8They are known as sterile neutrinos, for more detail about those kind of names see
Figure 5: The dominant mechanism for 0νββ, this figure taken from [20].
nucleus containing Z + 2 protons by emitting two electrons, an example is
76Ge→76 Se, as drawn at Fig.(5).
However, several groups such as the Heidelberg-Moscow [32], IGEX [33]
and CUORICINO experiment [34]. However there are the following upcom-
ing experiments like CUORE [35], GERDA [36] and Majorana [37] to get
better limits on neutrinos masses.
If we take into account cosmological constriant into account we get the
following upper limit
∑
mν < 1.01 eV if we have three neutrinos and it change
to
∑
mν < 2.12 eV in the case of five neutrinos as presented at [38, 39].
The aim of the present paper is to propose a modification Minimal Su-
persymmetric Standard Model to give masses in a simple way to neutrinos
and get nice Dark Matter candidate (right-handed sneutrinos) and also get
flat directions scalar potential that can generate the cosmological inflation.
Also, the matter anti-matter asymmetry could be obtained from the letoge-
nesis mechanism.
I started this studies to make the articles presented at [42, 43, 44, 45, 46,
47], my first goal was to include it on my previous review about some gener-
alization about the MSSM with singlets [48], but this model is so interesting
due it I have done this review.
This paper is organized as follows. In Section 2 we present the minimal
supersymmetric model with three right-handed neutrinos. We calculate the
masses to neutrinos and sneutrinos in general case with three right-handed
neutrinos and also with with one right-handed neutrinos, as an example as
of that this model can explain in satisfatory way the experimental results
concern the neutrinos´ experimental data. Next, we show some flat direc-
tions in this model. We also present, very quickly, some others interestings
supersymmetric models such as SUSYB-L, SUSYLR and two SUSYGUTS
models.
2 The Minimal Supersymmetric Model with
three right-handed neutrinos (MSSM3RHN)
On the Minimal Supersymmetric Model with three right-handed neutrinos
(MSSM3RHN) [49, 50, 51, 52, 53], the particle content is very similar to
the Minimal Supersymmetric Standard Model (MSSM) [49, 54], it contains
three families of left-handed quarks QiL = (ui, di)
T
L ∼ (3, 2, (1/3))9, i =
1, 2, 3 is familly indices, three families of leptons LiL = (νi, li)
T
L ∼ (1, 2,−1)
plus the Higgs fields H1 = (h
+
1 , h
0
1)
T ∼ (1, 2, 1). We have also to intro-
duce three families of right-handed quarks, given by (uiR ∼ (3∗, 1, (−4/3)),
diR ∼ (3∗, 1, (2/3)))10, three families of right-handed charged leptons (liR ∼
(1, 1, 2)) and another Higgs fields H2 = (h
0
2, h
−
2 )
T ∼ (1, 2,−1) as shown at
Tab.(1). The vaccum expectation values (vev) of our Higgses fields are given
by:
〈H1〉 = 1√
2
(
0
v1
)
, 〈H2〉 = 1√
2
(
v2
0
)
. (33)
The superpotential of the MSSM is define in the following way
WMSSM =
(
WH +W2RV
2
)
+
(
WY +W3RV
3
)
+ hc, (34)
where
WH = µH
(
Hˆ1Hˆ2
)
,
WY =
3∑
i,j=1
[
f lij
(
Hˆ2LˆiL
)
lˆjR + f
d
ij
(
Hˆ2QˆiL
)
dˆjR + f
u
ij
(
Hˆ1QˆiL
)
uˆjR
]
,(35)
we have suppressed the SU(2) indices and the supersymmetric parameter µH
is a complex number and has mass dimension. In general all the parameters
9The number in parenthesis refers to the (SU(3)C , SU(2)L, U(1)Y ) quantum numbers.
10We are using similar notation as presented at [48].
Superfield Usual Particle Spin Superpartner Spin
LˆiL ∼ (1, 2,−1) LiL = (νiL, liL)T 12 L˜iL = (ν˜iL, l˜iL)T 0
QˆiL ∼ (3, 2, 1/3) QiL = (uiL, diL)T 12 Q˜iL = (u˜iL, d˜iL)T 0
lˆiR ∼ (1, 1, 2) liR = lciL 12 l˜iR 0
NˆiR ∼ (1, 1, 0) νiR = νciL 12 ν˜iR 0
dˆiR ∼ (3∗, 1, (2/3)) diR = dciL 12 d˜ciL 0
uˆiR ∼ (3∗, 1, (−4/3) uiR = uciL 12 u˜ciL 0
Hˆ1 ∼ (1, 2, 1) H1 = (h+1 , h01)T 0 H˜1 = (h˜+1 , h˜01)T 12
Hˆ2 ∼ (1, 2,−1) H2 = (h02, h−2 )T 0 H˜2 = (h˜02, h˜−2 )T 12
Vˆ ac (SU(3)) G
a
m 1 g˜
a 1
2
Vˆ i (SU(2)) V im 1 λ
i
A
1
2
Vˆ ′ (U(1)) Vm 1 λB 12
Table 1: Particle content of MSSM3RHN. The families index for leptons and
quarks are i, j = 1, 2, 3. The parentheses are the transformation properties
under the respective representation of (SU(3)C , SU(2)L, U(1)Y ).
f are, in principle, complex numbers and they are symmetric in ij exchange
and they are dimensionless parameters [49, 54]. Moreover, f d and fu can give
account for the mixing between the quark current eigenstates as described
by the CKM matrix. In this model, we can also explain the mass hierarchy
in the charged fermion masses as showed recently in [55, 56].
When we consider R Parity scenarios, this model has viable candidates to
be the Dark Matter. One of most studied candidate is the lightest neutralino
denoted as χ˜01. However, some years ago, there were some intersting studies
where the lighest sneutrino ν˜eL was considered as the Lighest Supersymmetric
Particle (LSP)11. There are some authors study the gravitino as Dark Matter
11Unfortunatelly this particle have been ruled out by the combination of collider exper-
iment as LEP and direct searches for cosmological relics as discussed at [57].
candidate, more details about SUSY Dark Matter Candidates is presented
in nice way in [58].
The MSSM has terms to break the baryon number and the lepton number
conservation laws and in the SM all the interactions conserve both laws and
no physical process with this property has been discovered so far. This
phenomenological fact suggest imposing a discrete symmetry in the model.
This symmetry is the R-parity [49, 54]. The terms that break the R-parity
are given by
W2RV =
3∑
i=1
µi
(
Hˆ1LˆiL
)
,
W3RV =
3∑
i,j,k=1
[
λijk
(
LˆiLLˆjL
)
lˆkR + λ
′
ijk
(
LˆiLQˆjL
)
dˆkR + λ
′′
ijkuˆiRdˆjRdˆkR
]
.
(36)
The mass matrix of neutrinos arise when we allow a mixing between the
usual leptons with the higgsinos and its mixings is generated by(
Hˆ2LˆiL
)
⊃
(
H˜2LiL
)
= liLH˜
+
2 − νiLH˜02 , (37)
the second term at right size mixing the neutrinos with the neutral higgsinos,
therefore in this case the usual neutrinos can mix with the neutralinos, and
one of neutrinos get mass at Tree-level as shown at Fig.(6). The others two
neutrinos get their masses at 1-loop level, neutrinos are Majorana particles,
and their masses at can be written as [54]:
δmνk ∝ (λkii or λ′kii)2
MSm
2
i
m˜i
, (38)
where mi is the mass of exchanged fermion and the factor miMS comes from
the left-right mixing of the sfermion, we recomend to see [59, 60, 61, 62, 63,
64, 65]. We can have neutrinoless double beta decay (0νββ), see [42], as at
Figs.(7,8).
As we broke L-number conservation we can have Leptogenesis [66, 67, 68]
because on this case the following decay:
Γ
(
ν˜i → l+j l−k
)
=
1
16π
(λijk)
2mν˜i, (39)
µµ
ν ν
Mi j
jiνjνi
2m χ
W
~χ
a). b).
νi<   > jν
~~
<   >
Figure 6: Diagrams for the neutrino mass generation at tree level in the
model with the R-parity violation figure taken from [65].
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Figure 7: Neutrinoless double beta decay in SM with massive neutrinos.
where mν˜i is the mass of sneutrinos and this decay violate lepton number
conservation. Process violating Lepton number can be confirmed at LHC,
their detectors can get the following processes
pp → e˜i → e−χ˜01 → e+e−jj,
pp → ˜νeL → e−χ˜+1 → e+e−jj. (40)
and its total cross section is give by
σ(pp→ e˜) ∝ |λ′111|2/m3e˜, (41)
and those processes mentioned above can be confirmed by ATLAS, CMS and
d
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Figure 8: Neutrinoless double beta (0νββ) decay in the MSSM with massive
neutrinos.
LHCb and it provides an attractive scenario to explain the baryon asymmetry
[42].
When we consider χ˜01 as the LSP, in scenarios where R-Parity is conserved,
due the terms at Eq.(36) induces the following decays channel:
• λijk =⇒ χ˜01 → lil¯j ν¯k, or χ˜01 → l¯iljνk,
• λ′ijk =⇒ χ˜01 → l¯iu¯jdk, or χ˜01 → liujd¯k,
• λ′′ijk =⇒ χ˜01 → u¯id¯j d¯k, or χ˜01 → uidjdk,
and same on this case we can get the famous missing energy and momentum
in MSSM, for more details see [49, 54].
The main motivation to consider the MSSM with three right-handed neu-
trinos (MSSM3RHN) is to get an simple way to generate masses to all neu-
trinos in concordance with the actual experimental data. We add to MSSM
particle spectra, three additional scalar superfields Nˆ1,2,3, see Tab.(1)
12
NˆiR(y, θ) = ν˜
c
iL(y) +
√
2 (θνciL(y)) + (θθ)FνciL(y), (42)
12In chiral superfields all the fermion fields are left-handed [42]
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Figure 9: One loop diagrams for the neutrino mass generation in the model
with R-parity violation, figure taken from [65].
the fields νciL are the right-handed neutrinos, known as sterile neutrinos [29].
As a consequence of supersymmetric algebra beyond the three right-handed
neutrinos νciL ≡ νiR, or sterile neutrinos, we should also introduce three right-
handed sneutrnios ν˜ciL, and we will call them as sterile sneutrinos and they
are good dark matter candidate [50]. The new coordinate y is defined as [69]
ym = xm + ı
(
θσmθ¯
)
. (43)
The particle content of each this model is presented in the Tab.(1).
The Lagrangian of this model is written as
LMSSM3RHN = LSUSY + Lsoft , (44)
where LSUSY is the supersymmetric piece and can be divided as follows
LSUSY = Llepton + LQuarks + LGauge + LHiggs, (45)
where each term is given by
Llepton =
∫
d4θ
[
ˆ¯LiLe
2gVˆ+g′(− 1
2
)Vˆ ′LˆiL +
ˆ¯liRe
g′( 2
2
)Vˆ ′ lˆiR +
ˆ¯N iRe
g′( 0
2
)Vˆ ′NˆiR
]
,
LQuarks =
∫
d4θ
[
ˆ¯QiLe
2gsVˆc+2gVˆ+g′( 1
6
)Vˆ ′QˆiL + ˆ¯uiRe
2gsVˆc+g′(− 2
3
)Vˆ ′ uˆiR
+ ˆ¯diRe
2gsVˆc+g′( 1
3
)Vˆ ′ dˆiR
]
,
LGauge = 1
4
{∫
d2θ
[
8∑
a=1
W aαs W
a
sα +
3∑
i=1
W iαW iα +W
′αW ′α
]
+ h.c.
}
,
LHiggs =
∫
d4θ
[
ˆ¯H1e
2gVˆ+g′(− 1
2
)Vˆ ′Hˆ1 +
ˆ¯H2e
2gVˆ +g′( 1
2
)Vˆ ′Hˆ2
]
+
∫
d2θ W +
∫
d2θ¯ W¯ . (46)
Therefore, our right handed neutrinos have any intercations with the usual
gauge bosons then we will refere them as “fully sterile” [29]. We use the
notation Vˆ = T iVˆ i where T i ≡ σi/2 (with i = 1, 2, 3) are the generators of
SU(2)L and Vˆc ≡ T aVˆ ac and T a = λa/2 (with a = 1, · · · , 8) are the generators
of SU(3)C . As usual, gs, g and g
′ are the gauge couplings for the SU(3),
SU(2) and U(1) groups, and W is the superpotential of this model and we
will present it below. The field strength are given by [69]
W asα = −
1
8gs
D¯D¯e−2gsVˆ
a
c Dαe
2gsVˆ ac α = 1, 2 ,
W iα = −
1
8g
D¯D¯e−2gVˆ
i
Dαe
2gVˆ i ,
W ′α = −
1
4
DDD¯αVˆ
′ . (47)
The masses of charged gauge boson are the same as given at MSSM and
it is given by
M2W =
g2
4
(v21 + v
2
2) =
g2v22
4
(1 + tan2 β) =
g2v22
4
sec2 β , (48)
the new free parameter β is defined in the following way
tanβ ≡ v1
v2
, (49)
where v1 is the vev of H1, this scalar give masses to quarks type u, while v2
is the vev of the H2, this scalar give masses to quarks type d and for charged
leptons. Due the fact that v1 and v2 are both positive, it imples that
0 ≤ β ≤
(
π
2
)
rad. (50)
Using the free parameter β, we can get the following relation to the vev o
the Higgses defined at Eq.(33)
v1 =
2MW sin β
g
,
v2 =
2MW cos β
g
. (51)
In this case, the most general superpotential W of this model is given by
WMSSM3RHN =
[
W1N +
(
WH +W2RV +W2N
2
)
+
(
WY +W3RV +W3NRC +W3NRV
3
)
+ hc
]
, (52)
where WH ,WY are defined at Eq.(35), while W2RV ,W3RV from Eq.(36) and
we have defined
W1N =
3∑
i=1
κ′iNˆiR,
W2N =
3∑
i,j=1
MνijNˆiRNˆjR,
W3NRC =
3∑
i,j=1
f νij
(
Hˆ2LˆiL
)
NˆjR,
W3NRV =
3∑
i,j,k=1
[
κ′′i
(
Hˆ1Hˆ2
)
NˆiR + κijkNˆiRNˆjRNˆkR
]
. (53)
We can conclude the masses of charged fermions are the same as in the
MSSM, and we can write [49, 54]
f dij =
g√
2MW cos β
mdij , f
l
ij =
g√
2MW cos β
mlij ,
fuij =
g√
2MW sin β
muij . (54)
The fact that mu, md, ms and me are many orders of magnitude smaller
than the masses of others fermions may well be indicative of a radiative
mechanism at work for these masses as considered at [59, 70]. We can explain
the mass hierarchy in the charged fermion masses as showed in [55, 56].
We defined at Tab.(2) theR-charges of the superfields in the MSSM3RHN.
In this model the right-handed sneutrinos are viable candidate to Dark Mat-
ter was showed at [50, 71]
Using the R-charges defined at Tab.(2), will forbid the Majorana Mass
term as well the Ξi, λi, κijk, µi, λijk, λ
′
ijk, λ
′′
ijk couplings in the superpotential
defined at Eq.(52). In this case our superpotential become
W =
(
WH
2
)
+
(
WY +W3NRC
3
)
+ hc, (55)
Superfield R-charge (B − L)-charge
LˆiL = (νˆiL, lˆiL)
T nL = +
(
1
2
)
− (1)
QˆiL = (uˆiL, dˆiL)
T nQ = +
(
1
2
)
+
(
1
3
)
Hˆ1 = (Hˆ
0
1 , Hˆ
−
1 )
T nH1 = 0 0
Hˆ2 = (Hˆ
+
2 , Hˆ
0
2 )
T nH2 = 0 0
lˆiR nl = −
(
1
2
)
+ (1)
NˆiR nN = −
(
1
2
)
+ (1)
dˆiR nd = −
(
1
2
)
−
(
1
3
)
uˆiR nu = −
(
1
2
)
−
(
1
3
)
Table 2: R-charge and (B − L)-charge assignment to all superfields in the
MSSM3RHN.
see Eq.(52) and we can now write, in similar way a we have done at Eq.(54)
f νij =
g√
2MW sin β
mνij . (56)
It is a nice result because now neutrinos are Dirac fermions [50] and it was
shown recently that the right-handed sneutrinos can be non-thermal in the
presence of a Majorana mass term, as showed at [72].
From Eqs.(55,56), we can write the simple relation between Yukawa cou-
pling to neutrinos and their physical masses
mν = f νv, (57)
where v ∼ O(1011)eV is the vev of the electroweak breaking scale and if we
impose
mν ∼ O(10−2 − 10−1) (58)
it imposes that the Yukawa coupling of neutrinos should be
f ν ∼ O(10−12 − 10−13), (59)
and in this case the non-thermal sterile sneutrino can be a good dark matter
candidate see [50, 73, 74].
The experimental evidence suggests that the supersymmetry is not an ex-
act symmetry. Therefore, supersymmetry breaking terms should be added to
the Lagrangian defined by the Eq.(44). The most general soft supersymmetry
breaking terms, which do not induce quadratic divergence, where described
by Girardello and Grisaru [75]. They found that the allowed terms can be
categorized as follows: a scalar field A with mass terms
LSMT = −A†im2ijAj, (60)
a fermion field gaugino λ with mass terms
LGMT = −1
2
(Mλλ
aλa + hc), (61)
and finally trilinear scalar interaction terms
LINT = BijµijAiAj + AijkfijkAiAjAk + hc . (62)
The terms in this case are similar with the terms allowed in the superpo-
tential of the model we are going to consider next. As we are not doing
any phenomenology with the strong sector, we are ommiting the squarks
contribution because they are the same as in the MSSM.
The general soft SUSY breaking terms are given as
LSMTMSSM3RHN = −
(
3∑
i=1
[
L˜†iL
(
M2L
)
ij
L˜jL + l˜
†
iR
(
M2l
)
ij
l˜jR + ν˜
†
iR
(
M2N
)
ij
ν˜jR
]
+ M2H1 |H1|2 +M2H2 |H2|2
)
, (63)
we do not write the masses to squarks. We can suppose there is just one soft
SUSY breaking slepton mass for each generation of left-slepton, it means(
M2L
)
11
=M2e˜L =M
2
ν˜eL
,
(
M2l
)
11
=M2e˜R ,
(
M2N
)
11
= M2ν˜eR . (64)
the terms similar to our superpotential, defined at Eq.(55), is written as
LINTMSSM3RHN = BµH1H2 + Alijf lij(L˜iLH1)l˜jR + Aνijf νij(L˜iLH2)ν˜jR + hc,(65)
again we do not write the terms to squarks. The term LGMT is the same as
given at MSSM due it we do not presented it here and there expansion can
be found at [49, 54].
The only interaction to the right-handed sneutrinos are givn by is given
by (L˜iLH2)ν˜jR and the last term at Eq.(65) and due this fact we can call the
right-handed neutrinos as sterile snautrinos, see comment after Eq.(46), as
done at [74].
3 Masses
We will here consider the masses to neutrinos and sneutrinos. The masses
to charged leptons and charged sleptons are the same as in the MSSM, and
can be found at [48, 49, 54], due it we do not discuss them in this review.
4 Masses to Neutrinos
In general case, we have three left-handed neutrinos and three right-handed
neutrinos and taken into account our superpotential, see Eq.(55), the most
general terms to neutrinos are given by:
−
[
1
3
f νij (LiLH2) νjR +
1
2
(MN )ij νiRνjR
]
+ hc, (66)
The parameters f νij are symmetric in i, j exchange and we have choosen a
basis for the right-handed neutrinos superfields so that the superpotential
terms are diagonal, and M ∼MP lanck or comparable to the SO(10) breaking
scale as presented at [49]. After the electroweak symmetry is broken we get
6× 6 mass matrix to diagonalize. This matrix can be write as
(
0 MDiracν
(MDiracν )
T M
)
, (67)
where
(
MDiracν
)
ij
=
1
3
f νijv2,
(M)ij =
1
2
(MN)ij . (68)
We get the usual see saw mechanism (type I) [76] if MDiracν ≪ M , the mass
spectrum is one heavy Majorana neutrino, with mass M . We get three light
Dirac neutrinos with their masses given by
mν ≃ (M
Dirac
ν )
2
M
. (69)
and the neutrinos are Majorana particles as happen in MSSM.
One interesting case, happen when we consider three left-handed neutri-
nos and only one right-handed neutrinos. Under this consideration we get
the mass matrix from Eq.(66)
−
[
v2
3
√
2
(f ν1 ν1LνR + f
ν
2 ν2LνR + f
ν
3 ν3LνR) +
1
2
MNνRνR
]
+ hc, (70)
in the base (ν1L, ν2L, ν3L, νR)
T we get the mass matrix presented at Eq.(67),
and in this case we can write [77, 78]
MDiracν =
v2
3
√
2

 (f
ν
1 )
2 f ν1 f
ν
2 f
ν
1 f
ν
3
f ν1 f
ν
2 (f
ν
2 )
2 f ν2 f
ν
3
f ν1 f
ν
3 f
ν
2 f
ν
3 (f
ν
3 )
2

 , (71)
we can draw at this case a diagramatic representation similar to ones shown
at Fig.(6). We make the additional hipotesis, all the Yukawa coupling f νi are
real. From Eq.(71) it is simple to show the following results
det
(
MDiracν
)
= 0,
Tr
(
MDiracν
)
= (f ν1 )
2 + (f ν2 )
2 + (f ν3 )
2. (72)
The characteristic equation obtained from Eq.(71) is
det
(
MDiracν − λI3×3
)
= −λ3 + λ2
[
(f ν1 )
2 + (f ν2 )
2 + (f ν3 )
2
]
= 0, (73)
it means we have one more zero eigenvalue. Therefore, we can conclude,
Eq.(71) has two zero eigenvalues and one non-zero eigenvalue, as presented
at [77, 78].
The mass eigenstate, to a single Dirac neutrino represented as νL, is
defined in the following way [77, 78]
νH =
f ν1 ν1L + f
ν
2 ν2L + f
ν
3 ν3L√
(f ν1 )
2 + (f ν2 )
2 + (f ν3 )
2
, (74)
and their masses is
mνH =
[
(f ν1 )
2 + (f ν2 )
2 + (f ν3 )
2
] v2
3
√
2M
, (75)
where M is the Majorana mass of our singlet νR. It is the seesaw mechanism
(type I) [76] to give mass to neutrinos, alternatives to the seesaw mechanism
was presented at [65].
We can, also, with this simple mechanism explain the atmospheric neu-
trino data in the following way, our completely free parameters, f νi , must
satisfy the following relation [77]
f ν1 ≪ f ν2 ≈ f ν3 , (76)
we can define a small angle θ1 and a large angle θ23 ≡ θatm 13 as:
νH = θ1νeL + sin θ23νµL + cos θ23ντL, (77)
where using Eq.(74) allows to redifine
θ1 ≈ f
ν
1√
(f ν1 )
2 + (f ν2 )
2 + (f ν3 )
2
,
sin θ23 ≈ f
ν
2√
(f ν1 )
2 + (f ν2 )
2 + (f ν3 )
2
,
cos θ23 ≈ f
ν
3√
(f ν1 )
2 + (f ν2 )
2 + (f ν3 )
2
, (78)
We have done this approach because we already know to the Standard
Model may account to explain the atmospheric neutrino data via νµ → ντ os-
cillations with the parameters defined at second line in Eq.(22). Our conclu-
sion to explain the atmospheric neutrino mixing is, we have a single massive
neutrino νH , defined at Eq.(77), with a Majorana mass, defined at Eq.(75),
and we will impose its numerical valus is given by mν ∼ 5×10−2 eV , and the
mixing, defined at Eqs.(78), is choose to be given by θ23 ∼ π/4 in agreement
with the experimental data given at Eq.(??).
On this scenario the two neutrino eigenstates which are orthogonal to the
massive neutrino νH will be massless. We can also set, by convenienc, θ1 = 0
in such way that we can choose as one of the massless neutrinos will be νeL
and the other will be the orthogonal combination
ν0L ≈ cos θ23νµL − sin θ23ντL. (79)
13See Introduction at Eq.(22) about the second angle.
Now we are going to explaing the Pontecorvo-Maki-Nakagawa-Sakata
(PMNS) matrix, UPMNS, is defined at Eq.(??), in our case is:
 νeνµ
ντ


L
= U

 ν
′
e
ν ′0
νH


L
(80)
where νH is defined at Eq.(77). The matrix U can be defined as [77]
U =


1
(
cos θ23
sin θ23
)
θ1 θ1
−
(
θ1
sin θ23
)
cos θ23 sin θ23
0 − sin θ23 cos θ23

 (81)
In this basis the mass eigen-states expressed in terms of the weak eigenstates
are summarised below:
ν ′eL = νeL −
(
θ1
sin θ23
)
νµL
ν ′0L =
(
cos θ23
sin θ23
)
θ1νeL + cos θ23νµL − sin θ23ντL
νH = θ1νeL + sin θ23νµL + cos θ23ντL
(82)
In the θ1 = 0 limit ν
′
eL, ν
′
0L return to νeL, ν0L defined at Eq.(79). Details
about numerical analyses see [77].
The others two mass neutrinos νeL, ν0L get their masses from 1-loop level.
Having generated a sneutrino Majorana mass, see Sec.(5), it is straightfor-
ward to see that such a mass will lead to 1-loop radiative corrections to
neutrino masses via the diagram drawn in Fig.(10) [79]. The mass expres-
sion to our neutrinos can be written as [79]
m(1)ν =
g2mν˜
32π2 cos2 θW
∑
j
f(yj)|ZjZ|2 , (83)
where mν˜ is the sneutrinos masses and we have defined
f(yj) =
√
yj [yj − 1− ln(yj)]
(1− yj)2 , (84)
where
yj ≡ m
2
ν˜
m2
χ˜0
j
, (85)
and ZjZ ≡ Zj2 cos θW − Zj1 sin θW is the neutralino mixing matrix element
[79].
ναL νβL
x
ν˜αL ν˜βL
(
M2N
)
αβ
χ˜0
j
Figure 10: One-loop diagram generating a Majorana neutrino mass adapted
from [78, 79].
We can with this mechanism explain neutrinos data as shown at [77, 78].
5 Masses of Sneutrinos
The masses and mixing of sparticles are of crucial importance both experi-
mentally and theoretically [48, 49, 54]. All the terms that give contribution
to sneutrino mass matrix came from Eq.(65), it means that the mixing in
this sector is unrelated with the mixing we get at neutrino sector. In gen-
eral on this sector we get one 6 × 6 mass matrix (we get Super-CKM and
Super-PMNS matrix [54, 80]), but when we ingone the mixing into families
this matrix can be devided into three blocks of 2× 2 for each family, we will
use this fact here, as discussed at [49, 54].
As we have done above, we will consider a one generation model. The
relevant superpotential is defined, we are going present a review from the
main results presented at [79] but using my notation, is again defined at
Eq.(66) and the relevant terms in the soft supersymmetry breaking are given
by
Vsoft =
[
m2ν˜eL ν˜
†
eLν˜eL +m
2
ν˜eR
ν˜†eRν˜eR + (A
νf νH2ν˜eLν˜eR +MBν˜eRν˜eR + hc)
]
.
(86)
The sneutrino masses are obtained by diagonalizing a 4×4 squared-mass
matrix. In similar way as we perform when we diagonalize the Higgs mass
matrix at MSSM, it is convenient to define:
ν˜ =
(ν˜1 + ıν˜2)√
2
, N˜ =
(
N˜1 + ıN˜2
)
√
2
. (87)
Then, the squared-sneutrino mass matrix (M2), in similar way as done in
the Higgs mass matrix, can be separates into CP-even and CP-odd blocks:
M2 = 1
2
(
φ1 φ2
)( M2+ 0
0 M2−
)(
φ1
φ2
)
, (88)
where we have using the following simple notation
φi ≡
(
ν˜i N˜i
)
, (89)
and
M2± =
(
m2
L˜
+ 1
2
m2Z cos 2β +m
2
D mD[Aν − µ cotβ ±M ]
mD[Aν − µ cotβ ±M ] M2 +m2D +m2N˜ ± 2BM
)
, (90)
where M is the largest mass parameter and mD is the Dirac mass term to
neutrinos defined at Eq.(68). Then, to first order in (1/M), the two light
sneutrino eigen-states are ν˜1 and ν˜2, with corresponding squared masses:
m2ν˜1,2 = m
2
L˜ +
1
2
m2Z cos 2β ∓
1
2
∆m2ν˜ , (91)
where the squared mass difference ∆m2ν˜ ≡ m2ν˜2 −m2ν˜1 is of order (1/M).
The mass term to sneutrinos, if we do not allow Majorana Mass terms to
right-handed neutrinos is given by
Lsneutrinosmasses = −
[
m2ν˜eL ν˜
†
eLν˜eL +m
2
ν˜eR
ν˜†eRν˜eR + A
νf νv2 (ν˜eLν˜eR + hc)
]
.
(92)
We have defined
m2ν˜eL = M
2
L +
1
2
cos (2β)M2Z ,
m2ν˜eR = M
2
N , (93)
where MZ , as usual, is the Z boson mass. The first line above is similar as
done in the MSSM when we calculate the sneutrinos masses [48, 49, 54]. More
general case, with Majorana mass term to neutrinos is dicussed at [79].We
must to emphasize that the paraqmeters M2L,M
2
N and A
ν are defined at
electroweak scale because they break softly the SUSY.
In order to get the sneutrinos mass eigenstates, we have, first, to diago-
nalize the following mass matrix
M2sneutrinos =
(
m2ν˜eL A
νf νv2
Aνf νv2 m
2
ν˜eR
)
, (94)
it is simple to show the following results
det
(
M2sneutrinos
)
= m2ν˜eLm
2
ν˜eR
− (Aνf νv2)2 ,
Tr
(
M2sneutrinos
)
= m2ν˜eL +m
2
ν˜eR
. (95)
The characteristic equation obtained from Eq.(71) is
det
(
M2sneutrinos − λI2×2
)
= λ2−
(
m2ν˜eL +m
2
ν˜eR
)
λ+m2ν˜eLm
2
ν˜eR
−(Aνf νv2)2 = 0.
(96)
it means we have two massives eigenstates.
The eigenvalues of M2sneutrinos are given by
m2± =M
2 ±
√
(m2)2 + (Aνf νv2)
2, (97)
where we have defined the following parameters
M2 =
(
m2ν˜eL +m
2
ν˜eR
2
)
,
m2 =
(
m2ν˜eL −m2ν˜eR
2
)
. (98)
The eigenvectors are given by [50]
(
ν˜e+
ν˜e−
)
=
(
cos θν˜ sin θν˜
− sin θν˜ cos θν˜
)(
ν˜eL
ν˜†eR
)
,
where we define the mixing angle as
cos θν˜ =
m2 +
√
(m2)2 + (Aνf νv2)
2
|ν˜|2 ,
sin θν˜ =
(Aνf νv2)
|ν˜|2 ,
|ν˜|2 =
(
m2 +
√
(m2)2 + (Aνf νv2)
2
)2
+ (Aνf νv2)
2 , (99)
in this model the ν˜e− is LSP [50].
6 Flat direction of MSSM3RHN Model
We can calculate all flat directions in the MSSM using the prescription given
in [81]. The flat directions Nˆ and LˆHˆ2 will generate a left-right asymmetry
in the sneutrino sector [50, 71].
The flat directions shown in Tab.(3) was getting using the most general
superpotential of this model presented at Eq.(52).
7 Supersymmetric B − L Model (SUSYB-L)
The TeV scale right-handed neutrino is naturally obtained in supersymmetric
B−L (SUSY B−L) extension of the SM and it is one of the simplest model
beyond the SM that provides a viable and testable solution to the neutrino
mass and this class of model can account for the experimental results of the
light neutrino masses and their large mixing angles.
At this moment we will consider the Baryon number (B) minus Lepton
number (L) the B − L number as a gauge symmetry and this symmetry is
broken at TeV scale [82, 83], remember that it is the scale to break SUSY in
order to explain the hierarchy problem at MSSM. In this kind of model, as
happen in the MSSM, the Higgs potential receives large radiative corrections
Flat direction (B − L)
Nˆ 1
NˆNˆ 2
Hˆ1Hˆ2 0
LˆHˆ2 -1
NˆNˆNˆ 3
Hˆ1Hˆ2Nˆ 1
LˆHˆ2Nˆ 0
Table 3: Flat direction of the model MSSM3RHN.
that induce spontaneous B −L symmetry breaking at TeV scale, in analogy
to the electroweak symmetry breaking in MSSM [82].
The interesting fact in this kind of model is, there are new complex phases
in the leptonic sector can generate lepton asymmetry, which is converted
to baryon asymmetry [83] and the relevant terms necessary came from the
following soft terms that also break SUSY [84, 85]
Lsoft = m˜
2
n
2
(n˜c)† n˜c +
B2n
2
n˜cn˜c + AnYn
(
ǫL˜H2
)
n˜c + h.c. (100)
There are a mixing between the sneutrino n˜c and the anti-sneutrino n˜c†. The
CP violation phase in this mixing generates lepton asymmetry in the final
states of the n˜c-decay and it is converted to baryon asymmetry through the
sphaleron process [86].
8 Supersymmetric Left-Right Model (SUSYLR)
One of the main motivation to study this kind of model are to explain the
observed lightness of neutrinos in a natural way and it can also solve the
strong CP problem [87]. On this model the gauge symmetry is given by
SU(2)L ⊗ SU(2)R ⊗ U(1)B−L. (101)
The lepton content of the model is a little different of the lepton content
in the MSSM where the left-handed fermions are in doublet representation
while the right-handed are singlets of SU(2)L. Now both the leptons, left-
handed and right-handed, are in doublets in their SU(2) gauge group as we
show below
Lˆi ∼ (2, 1,−1), Lˆci ∼ (1, 2, 1), (102)
in parentheses it appears the transformation properties under the respective
(SU(2)L, SU(2)R, U(1)B−L).
On the literature there are two different SUSYLR models: the first one
uses SU(2)R triplets (SUSYLRT) [88] and the second SU(2)R doublets (SU-
SYLRD) [89]. Unfortunatelly in SUSYLRD the neutrinos are no massive due
it we will not present it on this review.
8.1 Triplet Model (SUSYLRT)
The scalars fields of this model are
∆ˆL ∼ (3, 1, 2) , ∆ˆ′L ∼ (3, 1,−2) ,
δˆcL ∼ (1, 3,−2) , δˆ′cL ∼ (1, 3, 2) ,
Φˆ ∼ (2, 2, 0) , Φˆ′ ∼ (2, 2, 0) . (103)
The most general superpotential W is given by [88]
W = M∆Tr(∆ˆL∆ˆ
′
L) +MδcTr(δˆ
c
Lδˆ
′c
L) + µ1Tr
[
(ıσ2) Φˆ (ıσ2) Φˆ
]
+ µ2Tr
[
(ıσ2) Φˆ
′ (ıσ2) Φˆ
′
]
+ µ3Tr
[
(ıσ2) Φˆ (ıσ2) Φˆ
′]+ fabTr [Lˆa (ıσ2) ∆ˆLLˆb] + f cabTr [Lˆca (ıσ2) δˆcLLˆcb]
+ hlabTr
[
LˆaΦˆ (ıσ2) Lˆ
c
b
]
+ h˜labTr
[
LˆaΦˆ
′ (ıσ2) Lˆ
c
b
]
. (104)
Where hl, h˜l are the Yukawa couplings for the leptons. This model can be
embedded in a supersymmetric grand unified theory as SO(10) and we will
discuss some Supersymmetric Grand Unification models below.
The masses to neutrinos is given by [55]:
Mνab =
1√
2
[
k1h
l
ab + k
′
2h˜
l
ab
]
(νaν
c
b + hc) +
υR√
2
f cab(ν
c
aν
c
b + hc)
− υL√
2
fab(νaνb + h.c.). (105)
This result is in agreement with the presented in [90], if we take υL = 0.
9 Supersymmetric Grand Unification Theory
(SUSYGUT)
In the standard minimal SUSYGUT scenario, the theory possesses both the
supersymmetry and the unified gauge symmetry at the unification scale. In
our opinion the main properties of a finite SUSY GUT are [91]:
• the number of generations is fixed by the requirement of finiteness,
• various realistic possibilities are given by SU(5), SU(6), SO(10) and
E(6) gauge groups,
from the last point, it is simple to coinvince yourself that there are a huge
class of this kind of model. We will present, very short, two supersymmetric
grand unification models that give masses to neutrinos, they are SU(5)RN
and SO(10)M .
9.1 SU(5) grand unified model with right-handed neu-
trinos SU(5)RN
Nice review about some general consideration about SU(5) SUSY model
are given at [92, 93]. Unfortunatelly the following channel to proton decay
p → K+νc is enough to exclude the minimal supersymmetric SU(5) model
[94]. If we want to continue in the minimal SU(5) supersymmetric model
an interesting challenging is present at [95]. Same in the contest of the last
reference, the neutrinos are not massive and we need to change the lepton
sector to get one mechanism to generate masses to the neutrinos.
In the SU(5) grand unified model with right-handed neutrinos SU(5)RN ,
as in the minimal SU(5) model we introduce the charged lepton14 at Φi ∼ 5¯.
We need also to introduce the right handed neutrino as ηi ∼ 1. The scalars
in this model are given by H ∼ 5 and H ∼ 5¯. The superpotential of this
model is given by [96, 97]:
WSU(5)RN = f
n
ijηiΦjAH
A +
1
2
Mijηiηj. (106)
145∗ representation of SU(5) and the indices i, j, as usual, denote generations
where we wrote only the terms that give neutrinos masses and the indices
i, j are familly indices while the A is SU(5) indice and run from 1 to 5.
Therefore, Mij is the Majorana mass matrix for right handed neutrinos while
fn is the Dirac mass term to neutrinos and both genearete mass via see-saw
Mechanism.
9.2 Minimal SO(10) Supersymmetric Model SO(10)M
About the SO(10) supersymmetric models see the following nice reviews
[98, 99]. As we are interested in sutdy the generation to neutrino masses we
will condider the model presented at [100, 101]. The lepton is introduced
at ψi ∼ 16 representation of SO(10) while the Higgs fields H10 ∼ 10 and
∆ ∼ 126∗ representation of SO(10). Their superpotential, responsable to
give masses to usual lepton, is
WSO(10)M = hijψiψjH10 + fijψiψj∆ (107)
h and f are symmetric matrices in the indeces i, j and, as usual, they denote
generations indices. The neutrino masses in this model is given by
MνD = (h
∗ cosαu − 3f ∗eıγu sinαu) sin β, (108)
where αu is a new parameter in this model responsible for nonzero CKM
mixing angles. For more details about the notation given at Eq.(108) see
[100].
When we consider SO(10) Supersymmetric Model, there are another in-
tersting mechanism to generate neutrino masses using the scalar at 126 repre-
sentations of SO(10) and about this mechanism we recommend to see [102].
10 Conclusions
In this review
11 Conclusions
In this article we have presented the MSSM3RHN lagrangian in terms of su-
perfields. Then we presented the mass spectrum of neutrinos and sneutrinos
with three right handed neutrinos and with only one right-handed neutrino
and we can get neutrinos are Majorana particles or Dirac particles. At the
end we presented some flat directions of these model.
We also present, very quickly, some others interestings supersymmetric
models such as SUSYB-L, SUSYLR and two SUSYGUTS models.
We, also, showed how to generate masses to neutrinos in some interesting
Supersymmetric models. All the models we reviwed here are intersting and
can be tested at the new colliders machine.
We hope this review can be useful to all the people wants to learn about
Supersymmetry and to study the phenomenology in the neutrinos sector.
Acknowledgments
The author would like to thanks to Instituto de F´ısica Teo´rica (IFT-Unesp)
for their nice hospitality during the period I developed this review about
SUSY.
A Lagrangian
The Lagrangian of this model is defined at Eq.(44). The LQuarks,LGauge
and LHiggs are the same as in the MSSM and due it we do not write their
expressions [49, 54, 48].
B Lepton Lagrangian
The lagrangian defined at Eq.(46), has the following components
LLepton = = LlepF + LlepD + Llepcin + Llepll˜V˜ . (109)
The first two terms in Eq.(109) are the usual F terms given by:
LlepF =
3∑
i=1
(
|FLiL |2 + |FliR|2 + |FNiR|2
)
, (110)
while for the D terms
LlepD = g
[
L˜†iL
(
σa
2
)
L˜iL
]
Da + g′
[
L˜†iL
(−1
2
)
L˜iL
]
D′ + g′
[
l˜†iR
(
2
2
)
l˜iR
]
D′,
(111)
where σa (with a = 1, 2, 3) are the generators of SU(2)L.
The others terms in the lagrangian are given by
Llepcin = −
[(
DmL˜i
)† (DmL˜iL)+ (Dm l˜iR)† (Dml˜iR)+ (∂mN˜iR)† (∂mN˜iR)
+ ıL¯iσ¯
m (DmLi) + ıl¯iRσ¯m (DmliR) + ıN¯iRσ¯m (∂mNiR)
]
, (112)
where the covariant derivatives are defined as
DmL˜i = ∂mL˜i + ıg
[(
σa
2
)
V am
]
L˜i + ıg
′
[(−1
2
)
Vm
]
L˜i,
Dm l˜iR = ∂m l˜iR + ıg′
[(
2
2
)
Vm
]
l˜iR. (113)
The last term is
Llep
ll˜V˜
= −ıg
√
2
[
L¯iL
(
σa
2
λaA
)
L˜iL − L˜iL
(
σa
2
λaA
)
LiL
]
− ıg′
√
2
[
L¯iL
(−1
2
λB
)
L˜iL
− L˜iL
(−1
2
λB
)
LiL
]
− ıg′
√
2
[
l¯iR
(
2
2
λB
)
l˜iR − l˜iR
(
2
2
λB
)
liR
]
. (114)
Our superpotential W is defined at Eq.(55). We can write it in field
components as
W2 = LW2F + LW2HMT ,
W3 = LW3F + LW3llH + LW3ll˜H˜ , (115)
Where the F terms are
LW2F = µH (FH1H2 + FH2H1) + hc,
LW3F = f lij
(
FH1L˜iL l˜jR + FLH1l˜jR + FlH1L˜iL
)
+ f νij
(
FH2L˜iLN˜jR + FLH2N˜jR + FNH2L˜iL
)
+ hc, (116)
while the others parts
LW2HMT = −µHH˜1H˜2 + hc,
LW3llH = −
[
f lij (H1LiL) ljR + f
ν
i (H2LiL)NiR
]
+ hc.
LW3
ll˜H˜
= −
{
f lij
[(
H˜1LiL
)
l˜jR +
(
H˜1L˜iL
)
ljR
]
+ f νij
[(
H˜2LiL
)
N˜jR +
(
H˜2L˜iL
)
NjR
]
+ hc
}
.
(117)
Here we have omit the expansion to quarks.
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